in 

CO 



(19) 



J 



Eur paisches Patentamt 
European Patent Office 
Office ur peen d s brevets 



(n) 



EP1 014 345 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



Date ot puCH i cation. 


(Ol) Int. Ol. . VI II D / /UU, O 1 ID / /fc*r 


28.06.2000 Bulletin 2000/26 






• 

(86) International application number: 


(^i) Application numDer. yyy^os^y.i 


PCT/ J P99/03637 


nato nf filinn- f»fi 0.7 1QQQ 
Uate ot Tinny, ud.u/ . 1999 


(0/; international puoiication numuer. 




wo 00/0^1 y4 (lo.ui.^uuu vaazene luuu/uz) 


(84) Designated Contracting States: 


• MITSUOKA, Yasuyuki, 


DE FR GB 


Seiko Instruments Inc. 




Chiba 261 -8507 (JP) 


(30) Priority: 07.07.1998 JP 19185898 




(74) Representative: 


(71) Applicant: 


Sturt, Clifford Mark et al 


Seiko Instruments Inc. 


Miller Sturt Kenyon 


Chiba-shi, Chiba 261-8507 (JP) 


9 John Street 




London WC1N 2 ES(GB) 


(72) Inventors: 




• TANAKA, Keiichi, 




Seiko Instruments Inc. 




Chiba 261-8507 (JP) 





(54) OPTICAL RECORDING / REPRODUCING METHOD, RECORDING MEDIUM USED FOR 
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(57) In order to realize high density recording/repro- 
ducing, the present invention provides a record- 
ing/reproducing method which can obtain reduced bit 
size multi -valued information from each bit, or a record- 
ing medium and apparatus for recording/reproducing. A 
near-field light 51 is illuminated to a recording medium 4 
having at least one kind or more of phosphors 2, to fade 
fluorescence of a particular phosphor in a microscopic 
region on the recording medium 4. The use of near-field 
light 51 can reduce the size of one recording bit as com- 
pared to the conventional optical system using a lens. 
Also, although the conventional has been recording of 
binary values of 0, 1 for one recording bit, among a plu- 
rality of kinds of phosphors 2 a particular phosphor only 
is faded in fluorescence to record the presence or 
absence of fluorescence, thereby rendering the infor- 
mation amount on one recording bit multi-valued and 
enabling higher density recording than the conventional. 
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Description 
TECHNICAL FIELD 

[0001] This invention relates to high density optical 5 
memories and, more particularly, to an optical record- 
ing/reproducing method utilizing near-field light and 
recording medium fluorescent light, an optical record- 
ing/reproducing recording medium and an optical 
recording/reproducing apparatus. 1 

BACKGROUND OF THE INVENTION 

[0002] In recent years, in order to make the optical 
memories with higher density, there is shift in record- is 
ing/reproducing method from compact disks (CD) to 
digital video disks (DVD). For example, the CD in its sur- 
face is recorded with pits as concave/convex having a 
size of nearly a wavelength of laser light to be used 
upon reproducing and a depth of approximately a quar- 20 
ter of the wavelength. For reproducing the information, 
interference of light is utilized, When a laser light spot is 
illuminated to the pit, because the pit depth is almost a 
quarter wavelength, the difference in optical path 
between the reflection light reflected upon a pit bottom 25 
and the reflection light on a surface outside the pit is 
given a half of the wavelength of the illuminated laser 
light. Thus, the reflection light available is weak as com- 
pared to a case of illuminating a laser light spot to the 
surface outside the pit. In this manner, the presence or 30 
absence of a pit is determined by detecting an intensity 
of reflection light, thus reproducing information recorded 
on the CD. Although DVD recording/reproducing is con- 
ducted by illuminating a laser light spot to a recording 
medium, the pit size can be made smaller than the CD 35 
by shortening a laser wavelength to be used thus ena- 
bling higher density recording/reproducing. 
[0003] Meanwhile, there is known a near-field opti- 
cal microscope for observing a microscopic surface tex- 
ture of a sample by using a probe having a microscopic 40 
aperture with a diameter of an illumination light wave- 
length or smaller, e.g. approximately 1/10th of the wave- 
length, and through utilizing a near field (evanescent 
field). In this near-field optical microscope, the probe 
microscopic aperture and the sample surface are 45 
approached in distance to nearly the diameter of the 
probe microscopic aperture so that a near field caused 
on the sample surface due to illumination of propagation 
light from a sample backside is detected by the probe. In 
this case, the near field caused on the sample surface so 
involves an intensity and phase reflecting a sample sur- 
face microscopic texture. This near field is scattered 
through the probe microscopic aperture and extracted 
as propagation light, and received by a photodetector, 
thereby achieving a resolution unrealized in the conven- ss 
tional optical microscope. 

[0004] Consequently, the utilization of the near-field 
optical microscope technology as stated above makes 



possible recording/reproducing exceeding the recording 
density on the conventional information recording 
medium such as a CD or a DVD. 
[0005] For high density recording/reproducing, 
there includes reduction of bit size and multi-valued bit 
information. It is possible for the DVD to conduct record- 
ing/reproducing with higher density than the CD by 
shortening the illumination light wavelength and thereby 
reducing the bit size. However, because of using means 
to reduce a spot diameter through a lens, the illumina- 
tion light spot diameter onto the recording medium can- 
not be reduced to a half of the wavelength or smaller 
due to a light diffraction limit. Due to this, if the bit size 
becomes a half wavelength of illumination light or 
smaller, it is impossible for the conventional optical sys- 
tem to record/reproduce information. Consequently, for 
recording/reproducing with higher density than the DVD, 
there is a need to shortening a wavelength to be used. 
Also, the CD and DVD obtain information only of 0,1 
from each bit without being multi-valued. 
[0006] Meanwhile, if utilizing a near field that can 
reduce the spot diameter to a half of an illumination 
wavelength or smaller exceeding the light diffraction 
limit, high density recording/reproducing is feasible due 
to reducing the bit. However, there has been no pro- 
posal to render the information from each bit multi-val- 
ued in order to provide higher density. 
[0007] Therefore, it is an object of the present 
invention to reduce the bit size by using a near field and 
at the same time to provide a scheme for record- 
ing/reproducing multi-valued information for each bit, in 
order to realize high density recording/reproducing. 
Also, another object is to obtain a recording medium 
and apparatus for recording/reproducing. 

DISCLOSURE OF THE INVENTION 

[0008] In order to achieve the objects, in an optical 
recording method according to the present invention 
illuminates a near-field light is illuminated to a recording 
medium having at least one kind or more of phosphors, 
to fade fluorescence of a particular phosphor in a micro- 
scopic region on the recording medium. The use of 
near-f ield light can reduce the size of one recording bit 
as compared to the conventional optical system using a 
lens. Also, although the conventional has been record- 
ing of binary values of 0,1 for one recording bit, among 
a plurality of kinds of phosphors, fluorescence of a par- 
ticular phosphor only fades to record the presence or 
absence of fluorescence, rendering the information 
amount on one recording bit multi-valued. From these, 
higher density recording than the conventional was fea- 
sible. 

[0009] Also, in an optical recording method accord- 
ing to the invention a near-field light having a corre- 
sponding wavelength to a particular phosphor is 
illuminated to a recording medium having at least one 
kind or more of phosphors, to fade fluorescence of the 
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particular phosphor in a microscopic region on the 
recording medium. The use of near-field light can 
reduce the size of one recording bit as compared to the 
conventional optical system using a lens. Where fading 
fluorescence of one kind of a particular phosphor, the 
fluorescence is faded by illuminating a light having a 
corresponding wavelength to this phosphor. At this time, 
fluorescence of other phosphors does not fade. Also, 
where fading fluorescence a plurality of kinds of phos- 
phors, a corresponding wavelength of light to each 
phosphor is illuminated separately or simultaneously, 
thereby fading fluorescence of them. At this time, fluo- 
rescence of the phosphor not corresponding to the 
wavelength dose not fade. In this manner, arbitrary 
phosphors are changed in fluorescence whereby 
recording to one bit can be rendered multi-valued. From 
this, higher density recording than the conventional was 
feasible. 

[0010] Also, in an optical recording method accord- 
ing to the invention a near-field light is illuminated to a 
recording medium having at least one kind or more of 
phosphors and the near-field light is changed in light 
amount, to fade fluorescence of the particular phosphor 
in a microscopic region on the recording medium. The 
use of near-field light can reduce the size of one record- 
ing bit as compared to the conventional optical system 
using a lens. 

[0011] Also, fluorescence is faded in the order of 
fluorescence readier to be photooxidized due to an illu- 
mination amount of near field light among a plurality of 
kinds of phosphors contained in a thin film, whereby the 
information amount on one recording bit can be ren- 
dered multi-valued. Also, where two kinds of phosphors 
are same in light wavelength for fading fluorescence, it 
is impossible to vary the wavelength to fade fluores- 
cence of either one of them. However, because the 
method of changing the illumination amount is not 
dependent upon the wavelength, one of the phosphors 
can be faded of fluorescence even where using phos- 
phors same in light wavelength to fade fluorescence. 
From these, high density recording was feasible than 
the conventional. 

[0012] Also, in an optical reproducing method 
according to the invention a near-field light is illuminated 
to a recording medium having at least one kind or more 
of phosphors and recorded with data microscopically by 
the presence or absence of fluorescence on a particular 
one of the phosphors, to specify a fluorescent one of the 
phosphors from a spectrum obtained. By detecting from 
a spectrum the presence or absence of fluorescence on 
each phosphor contained in a recorded bit, it became 
feasible to reproduce multi-valued information recorded 
on a microscopic bit. 

[0013] Also, a recording medium according to the 
invention forms a thin film containing at least one kind or 
more of phosphors on a substrate. By doing so, a 
recording medium for optical recording/reproducing 
could be obtained which is increased in density by ren- 



dering information recording/reproducing multi-valued. 
[0014] Also, a recording medium according to the 
invention forms thin films having only one kind of phos- 
phors on a substrate depending on the kind of phos- 

5 phors. Because each kind of phosphors is isolated, 
energy transfer between different phosphors is sup- 
pressed so that fluorescent light can be obtained with 
efficiency. By doing so, a recording medium for optical , 
recording/reproducing could be obtained which is 

w increased in density by rendering information record- 
ing/reproducing multi-valued. 

[0015] Also, a recording medium according to the 
invention forms an insulation film between the thin films 
formed. This causes energy transfer only between the 

15 phosphors to thereby increase excitation efficiency, 
increasing fluorescent efficiency, obtaining intense fluo- 
rescent light and improving the S/N ratio during repro- 
duction. By doing so, a recording medium for optical 
recording/reproducing could be obtained which is 

20 increased in density by rendering information record- 
ing/reproducing multi-valued. 

[0016] Also, a recording medium according to the 
invention has on the substrate a metal film on a side 
formed with the thin films. By doing so, the excitation 

25 light illuminated to a recording medium surface trans- 
mits through each thin film, and thereafter reflected on 
the metal film and again illuminates the thin film, improv- 
ing excitation efficiency and increasing fluorescent 
intensity. By doing so, a recording medium for optical 

30 recording/reproducing could be obtained which is 
increased in density by rendering information record- 
ing/reproducing multi-valued. 

[001 7] Also, an optical recording apparatus accord- 
ing to the present invention comprises: a recording 

35 medium having phosphors, a head for producing a near- 
field light, an adjusting mechanism for adjusting a wave- 
length and/or a light amount of the near-field light, and 
an approaching mechanism to cause the recording 
medium and fluorescence of the head to approach. Due 

40 to this, a near-field light can be illuminated only to a 
microscopic region on the recording medium, and fluo- 
rescence of the phosphors contained in the microscopic 
region of the recording medium can be faded of fluores- 
cence by using a near-field light, obtaining high density 

45 optical recording apparatus. 

[0018] Also, an optical reproducing apparatus 
according to the invention comprises a recording 
medium having phosphors, a head for producing a near- 
field light to excite the phosphors, a mechanism for 

so specifying a fluorescent one of the phosphors from a 
spectrum of the recording medium, and an approaching 
mechanism to cause the recording medium and the 
head to approach. Due to this, a high density optical 
reproducing apparatus could be obtained which illumi- 

55 nates a near-field light to a recording medium having at 
least one kind or more of phosphors and microscopi- 
cally faded in particular fluorescence of the phosphors 
to specify a fluorescent phosphor from an obtained 
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spectrum. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

Fig. 1 is a schematic view showing a recording 
method according to Embodiment 1 of the present 
invention. 

Fig. 2 is a schematic view showing a reproducing 
method according to Embodiment 2 of the present 
invention. 

Fig. 3 is a schematic view showing an apparatus for 

performing recording and reproducing according to 

Embodiment 3 of the present invention. 

Fig. 4 is a schematic view showing a recording 

medium according to Embodiment 3 of the present 

invention. 

Fig. 5 is a schematic view showing a recording 
medium according to Embodiment 4 of the present 
invention. 

Fig. 6 is a schematic view showing a recording 
medium according to Embodiment 5 of the present 
invention. 

Fig. 7 is a schematic view showing a recording 
medium according to Embodiment 6 of the present 
invention. 

Fig. 8 is a schematic view showing a recording 
medium according to Embodiment 7 of the present 
invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0020] Hereinafter, in order to realize high density 
optical recording/reproducing concerning the present 
invention, explanations will be made based on the draw- 
ings in detail on embodiments of recording/reproducing 
method capable of reducing recording bit size using 
near-field light and obtaining multi-valued information 
from each bit, recording medium and apparatus there- 
for. Incidentally, the invention is not limited by the 
embodiments. 

[Embodiment 1] 

[0021] Fig. 1 is a schematic view representing a 
recording method by virtue of fading florescence on par- 
ticular phosphors among a plurality of kinds of phos- 
phors 2 included in a polymer recording thin film 1 
(hereinafter, referred to as recording film), in a particular 
region of the recording film 1 . 

[0022] High density recording is performed on a 
recording medium 4 formed, on a substrate 3, with the 
recording film 1 having the plurality of kinds of phos- 
phors 2 by using an optical probe 5 formed with a micro- 
scopic aperture 50 having a diameter of a wavelength or 
shorter. The optical probe 5 is coated with aluminum as 
a shading film 6 in areas except for the microscopic 



aperture 50. The optical probe 5 is provided with a 
wavelength select filter 7 on its light incident side so that 
only selected light out of the light 8 from a light source is 
incident on the optical probe 5. 

5 [0023] The distance between the optical probe 5 of 
the microscopic aperture 50 of the optical probe 5 and 
the recording film 1 is controlled to a constant value 
equal to or less than a wavelength. For example, laser is 
illuminated to the vertically-vibrating optical probe 5 to 

w detect a change of amplitude by an optical lever method 
used in the atomic force microscope (AFM). The 
change amount in amplitude is read out as a distance 
change amount of between the optical probe 5 and the 
recording medium 1 and the amplitude change is 

75 brought into constant whereby the distance between the 
optical probe 5 and the recording film 1 can be control- 
led to a constant value equal to or less than the wave- 
length. 

[0024] As a result of this, near-field light 51 is emit- 
20 ted through the microscopic aperture 50 and illuminated 
to the recording film 1 . The size (spot size) of illumina- 
tion on the recording film 1 by this near-field light 51 is 
nearly equal to the size of the microscopic aperture 50. 
That is, by using the near-field light 51. it is possible to 
25 illuminate only to a microscopic region on the recording 
film 1. 

[0025] There is a photo-bleaching method as a 
method for fading fluorescence of particular phosphors. 
In this method, light having a corresponding wavelength 
30 to the particular phosphor is illuminated whereby the 
particular phosphor is photooxidized and its fluores- 
cence fades. Photooxidation is to illuminate light in the 
presence of oxygen to change a molecular structure. 
Hereinafter, the light selected by the wavelength select 

35 filter 7 to fade fluorescence of the phosphors 2 is 
referred to as fading light 9. For example, consideration 
is made on a case that three kinds of phosphors A, B, C 
are contained in a thin film. It is assumed that the center 
wavelengths of fading light 9 corresponding to the phos- 

40 phors A, B and C are XI , X2 and A.3. In the case to fade 
fluorescence of the phosphor B, fading light 9 with a 
center wavelength A2 is incident on the optical probe 5. 
This fading light 9 has no effect upon fluorescence of 
other phosphors A, C. 

45 [0026] Consequently, consideration is made on a 
case that the near-field light 51 emitted through the 
microscopic aperture 50 of the optical probe 5 illumi- 
nates the recording film 1 . It is assumed as a region 110 
that this selected fading light 9 illuminates the recording 

so film 1 . The region 110 is equal to the size of the micro- 
scopic aperture. If fading light 9 with the center wave- 
length X2 is incident on the optical probe 5, 
fluorescence of the phosphor B in the region 110 fades. 
B* in the figure represents that the fluorescence of 

55 phosphor B is faded out. Similarly, it is possible in a 
region 111 1 to fade fluorescence on the phosphors A, C 
by making incident wavelengths XI , X2 of fading light 9 
on the optical probe 5 separately or simultaneously. A*, 
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C* represent that the phosphors A, C have been faded 
out in fluorescence. The illuminated region 1111 is equal 
to the size of the microscopic aperture. 
[0027] By the above, the use of near field light 
through the microscopic aperture makes it possible to 
reduce one recording bit size as compared to the con- 
ventional optical system using a lens, thus enabling 
higher density recording than the conventional. Also, 
the conventional has been on recording with two values 
of 0,1 respect to one recording bit. However, only partic- 
ular phosphor among a plurality of kinds of phosphors 
are faded in fluorescence to record on the presence or 
absence of fluorescence whereby the information 
amount of one recording bit can be multi -valued to make 
possible higher density recording than the conventional. 

[Embodiment 2] 

[0028] Fig. 2 is a figure representing a reproducing 
method that excitation light is illuminated to the record- 
ing medium shown in Embodiment 1 to receive fluores- 
cent light. 

[0029] A recording film 1 in its microscopic region is 
recorded with information depending on the presence or 
absence of fluorescence on phosphors 2, as was shown 
in Embodiment 1 . An optical probe 5 is controlled simi- 
larly to Embodiment 1 . The incidence of excitation light 

12 provides near-field light 51 through a microscopic 
aperture 50, making possible illumination only to a 
microscopic region on the recording film 1 . A prism 1 4 is 
provided to separate, by wavelength, fluorescent light 

13 from the recording film 1. The fluorescent light 13 
thus separated is received by a detector array 1 6 having 
detectors 15 corresponding to wavelengths. 

[0030] Consideration is made on a case that three 
phosphors A, B, C exist in the recording film 1 , as was 
shown in Embodiment 1. In a region 110 two phosphors 
A, C are left by the recording method of Embodiment 1. 
From a light source, excitation light 12 capable of excit- 
ing all the phosphors A, B. C is incident on the optical 
probe 5. 

[0031 ] If near-field light 51 is illuminated to a region 
110, fluorescent light 13 is obtained only from the phos- 
phors A, C. The fluorescent light from the phosphors A, 
C is incident on a prism 1 4 to be separated on a wave- 
length basis. The separated fluorescent light is received 
by the detector array 16 having the corresponding 
detectors 15 to separated wavelengths. The presence 
or absence of light reception on each detector 15 is put 
in correspondence to signals 1, 0. If representing the 
presence or absence of signals in the order of A, B and 
C, the florescent light from the region 110 is given as 1, 
0, 1. Similarly, if excitation light 12 is illuminated to a 
region 1111. signals 0. 1, 0 are obtained because fluo- 
rescence is left only on the phosphor B. 
[0032] From the above, where the three phosphors 
are contained, in the recording shown in Embodiment 1 
an arbitrary phosphor can be changed in fluorescence. 



In the reproduction shown in the present embodiment, 
multi-valuing to 2 3 combinations is available by detect- 
ing the presence or absence of a fluorescent light spec- 
trum on each phosphor through the corresponding 
5 detector 15. Similarly, where in kinds of phosphors are 
contained in the thin film, multi-valuing is possible to 2 m 
combinations. 

[0033] Due to this, despite in the conventional two 
values 0, 1 have been applied to one recording bit, arbi- 

10 trary phosphors 2 contained in the recording film 1 are 
changed in fluorescence so that the changes is 
detected as a wavelength spectrum of fluorescent light 
13 thereby enabling multi-valuing of information amount 
on one recording bit. Also, the use of near-field light 51 

15 through a microscopic aperture of an optical probe 5 
can provide reproduction of information out of a micro- 
scopic region of a size equal to or less than a wave- 
length. As a result, reproduction is possible higher in 
density than the conventional. 

20 

[Embodiment 3] 

[0034] Fig. 3 is a schematic structural view of an 
apparatus for recording and reproducing by applying a 

25 mechanism of a near field optical microscope. 

[0035] The structure apparatus comprises a record- 
ing medium 4 for recording information, an optical probe 
5 for illuminating to the recording medium 4 near-field 
light for recording/reproducing, a light source system 7, 

30 23 - 25, a distance control system 19 - 22 of between 
optical probe and recording medium, a prism 1 4 for sep- 
arating florescent light, a detector array 1 6 having corre- 
sponding detectors 15 to separated wavelengths, a 
signal processing circuit 17 for reading as signals 0, 1 

35 the presence or absence of light reception in each 
detector 15 to process information, and a computer 18 
for controlling the apparatus overall. 
[0036] The optical probe 5 has a structure as stated 
in Embodiment 1 , which can be formed by sharpening a 

40 tip of an optical fiber and coating around it with alumi- 
num except for a portion to be formed into a microscopic 
aperture. The size of microscopic aperture is, for exam- 
ple, about 100 mm in diameter. 

[0037] The distance control system of between opti - 
45 cal probe and recording medium comprises a distance 
measuring means 19 for measuring a distance between 
a tip of the optical probe 5 and the recording medium 4, 
a distance control circuit 20 for generating a feedback 
signal from a distance measured by the distance meas- 
50 uring means 19, and a rough movement mechanism 21 
and fine movement mechanism 22 for changing a dis- 
tance between the tip of the optical probe 5 and the 
recording medium 4 due to this feedback signal. The 
distance measuring means 19 can use, for example, an 
55 optical lever having been used for AFM. TTie rough 
movement mechanism 21 can use, for example, a step- 
ping motor and a rack-and-pinion, while the fine move- 
ment mechanism 22 can use a piezoelectric element. 
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[0038] The recording medium 4 is obtained, for 
example, by forming on a substrate 3 one polymer 
recording thin film 27 containing three kinds of phos- 
phors 28, as shown in Fig. 4. For example, as a polymer 
recording thin film 27 material there are polybinylcarba- 
zole (PVK) and poly-p-phenylen (PPV). As the phos- 
phors 28 there are l.M^-tetraphenyM-S-butadiene 
(TPD) and coumarin 6, quinacridone, rubrene, etc. The 
method for applying a polymer recording thin film 27 as 
above includes, for example, a wet technique including 
a cast film technique, a spin coat technique, and a 
polymerization by electrolysis, etc. For example, in the 
case of the spin coat technique, a polymeric material 
and phosphors are mixed in a solvent of chloroform, 
xylene, etc.. and applied onto a substrate 3 by a spin- 
ner, thereby obtaining a recording medium 4. 
[0039] Consideration is made on a case of perform- 
ing reproduction using the apparatus explained above. 
A recording medium 4 is placed on the fine movement 
mechanism 22. First, the optical probe 5 and the record- 
ing medium 4 are fully distant greater than a distance 
that an interatomic force is to act on. If the recording 
medium 4 is approached the optical probe 5 by the 
rough movement mechanism 21, an interatomic force 
begins to act on between the optical probe 5 and the 
recording medium 4. At that time, the rough movement 
mechanism 21 is halted. Then, the recording medium 4 
is raised or lowered by the fine movement mechanism 
22, wherein the fine movement mechanism 22 is con- 
trolled so as to give a predetermined interatomic force. 
Because the interatomic force acts on several tens 
nanometers or less, the distance between the optical 
probe 5 and the recording medium 4 can be controlled 
to be fully smaller than a wavelength of a visible portion 
or ultraviolet portion of light and to be a constant value. 
[0040] A reproducing light source 23 uses, for 
example, a semiconductor laser so that the light from 
the reproducing light source 23 is focused by a lens 25 
and incident on an optical probe 5 incident end. As a 
result, near-field light is given off through a microscopic 
aperture at an optical probe 5 tip, illuminating a micro- 
scopic region on the recording medium 4. For example, 
the microscopic region has a size of approximately 100 
nm that is almost equal to a diameter of the microscopic 
aperture. By the near-field light illuminated onto the 
recording medium 4 from the optical probe 5, the phos- 
phors keeping in fluorescence are excited to generate 
fluorescent light. The fluorescent light is separated by a 
prism 14. 

[0041] The separated fluorescent light is received 
by a detector array 16 having corresponding detectors 
1 5 to separated wavelengths. The presence or absence 
of light reception on each detector 15 is fed to a signal 
processing circuit 17 to process signals 1.0. The proc- 
essed signal is fetched to a computer 18 to reproduce 
information. 

[0042] For recording, means to control a distance 
between the optical probe 5 and the recording medium 



4 to be a constant value is similar to reproduction. The 
light from the recording light source 24 is given through 
the wavelength select filter 7 to the lens 25 to be 
focused, and incident on an incident end of the optical 

5 probe 5. By the wavelength select filter 7, only light hav- 
ing a corresponding wavelength to particular phosphors 
is incident on the optical probe 5. The recording light 
source 24 can use, for example, a ultraviolet ray lamp. 
The light incident on the optical probe 5 is emitted 

10 through an aperture at the tip of the optical probe 5 and 
illuminates a microscopic region on the recording 
medium 4, fading out fluorescence of particular phos- 
phors. The size of the microscopic aperture is, for exam- 
ple, approximately 100 nm, similarly to that upon 

75 reproduction. 

[0043] When recording/reproducing was performed 
on the recording medium 4 having the three kinds of 
phosphors 28 shown in Fig. 4 by the alone method, 2 3 
combinations of signals could be recorded and repro- 

20 duced. Also, each bit size was approximately 100 nm 
thus realizing a bit size of a using wavelength or smaller. 
[0044] In this manner, it is possible to obtain a 
recording medium 4 for high density recording/repro- 
ducing by mixing a plurality kinds of phosphors 28 in 

25 one-layered polymeric recording thin film 27 and apply- 
ing it onto a substrate 3. The recording medium 4 can 
be manufactured at low price because of manufacture 
by a wet method. 

[0045] Meanwhile, a near-field optical microscope 
30 mechanism was applied to illuminate near-field light 
emitted through the microscopic aperture of the optical 
probe 5 tip onto this recording medium. By doing so, it is 
possible to illuminate only a microscopic region on the 
recording medium 4. Furthermore, for this microscopic 
35 region fluorescence of arbitrary phosphors were faded 
to thereby performing multi-value recording so that the 
information recorded in mufti-values could be read out 
of fluorescent spectrums. 

[0046] From the above, it is possible to obtain a 
40 recording/reproducing apparatus higher in density than 
the conventional by reduction in recording bit size and 
multi-valuing information of each recording bit. 

[Embodiment 4] 

45 

[0047] Fig. 5 is a schematic view representing a 
recording medium 40 formed with polymeric recording 
thin films 30 in a corresponding number of layers to the 
kinds of phosphors 31 wherein one-layer polymeric 

so recording thin film 30 has one kind of phosphors 31 . 
[0048] As a preparing method, a polymeric material 
and one kind of phosphors are mixed in a solvent and 
applied onto a substrate 3 with a wet technique. The 
solvent, polymeric material, phosphors 31. substrate 3. 

55 etc. may be those as exemplified in Embodiment 3. Due 
to this, one layer of polymeric recording thin film 30 is 
formed. A polymeric recording thin film 30 is toned ther- 
eon by using another one of phosphors 31 in the similar 
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manner. By repeating this, a recording medium 40 com- 
prising a plurality of phosphors can be made. It is pre- 
ferred as a layering order to form a shorter wavelength 
of phosphors on a substrate side because the fluores- 
cent light from phosphors on the substrate side is not 
absorbed by the phosphors layered over that. 
[0049] As shown in Fig. 4, where a plurality of kinds 
of phosphors 28 in a same polymeric thin film 27, if exci- 
tation light is illuminated, energy transfer occurs to the 
phosphors that are readier to be excited among the dif- 
ferent kinds of phosphors. Energy transfer is that an 
electron excited in one molecule and a hole in a ground 
state turns into a dipole so that the dipole moves 
between adjacent molecules. In a phosphor 31 not 
ready to be excited, excitation energy is reduced and 
fluorescence intensity is lowered with a result that there 
may be a case fluorescent intensity differ between the 
phosphors. 

[0050] However, in the present embodiment, 
because the different kinds of phosphors are isolated, 
energy transfer is suppressed between the different 
kinds of phosphors. Thus, fluorescent light can be effi- 
ciently obtained from each phosphor. 
[0051] From the above, by dividing the different 
phosphors in the separate layers, a recording medium 
40 could be obtained that is suited for high density 
recording/reproducing with higher fluorescent efficiency 
than that of the recording medium 4 shown in Embodi- 
ment 3. 

[Embodiment 5] 

[0052] Fig. 6 is a schematic view representing a 
recording medium 41 formed with inorganic insulation 
films 32 between the layered polymeric recording thin 
films 30 shown in Fig. 5. As a preparing method, a pol- 
ymeric recording thin film 30 containing one kind of 
phosphors 31 is applied onto a substrate 3 by a wet 
method. Thereon, an inorganic insulation film 32 is 
formed. Here, the inorganic insulation film 32 uses a 
transparent one having such a wide energy gap as not 
to absorb near-field light or fluorescent light. For exam- 
ple, when film-forming silicon nitride by sputtering, a 
transparent film is obtained by properly setting a gas 
flow rate, nitrogen ratio, etc. Furthermore, by forming 
layers in order using another one of phosphors in a sim- 
ilar way, a recording medium 41 can be manufactured. 
[0053] Due to this, because the insulation film 32 
has a high energy gap as compared to the phosphors 
31 , energy transfer less occurs in a polymeric thin film 
32 interface having a different kind of phosphors 31 than 
in the case of Embodiment 4. That is, because energy 
transfer occurs only between the same kind of phos- 
phors 31, excitation efficiency becomes high and fluo- 
rescent efficiency increases. As a result, higher 
fluorescent light is obtained than that in Embodiment 4, 
and the S/N ratio upon reproduction is increased. 
[0054] From the above, by forming the insulation 



films 32 between the polymeric thin films 30 having 
each of phosphors 31 , a recording medium 41 suited for 
high density recording/reproducing could be obtained 
which is improved in S/N ratio as compared to the 
5 recording medium 40 of Embodiment 4. 

[Embodiment 6] 

[0055] Fig. 7 shows a schematic view representing 
10 a recording medium 4 formed with a metal film 33 
between a lowermost polymeric recording thin film 27 or 
30 and a substrate 3, in the recording medium 4, 40, 41 
of Embodiments 3 to 5. 

[0056] A metal film 33 is formed on a substrate 3. 

is As the metal film 33, there is for example aluminum or 
chromium. In the case of aluminum, a film is formed by 
sputtering or resistance-heating. Thereafter, polymeric 
recording thin films 27 or 30 containing phosphors 31 
are formed or layered in a similar manner to the way 

20 shown in Embodiments 3 to 5. 

[0057] Due to this, the excitation light illuminated on 
a recording medium surface transmits through each of 
the polymeric recording thin films 27 or 30, and then 
reflected upon the metal film 33 and illuminates again 

25 the polymeric thin films 27 or 30. 

[0058] As a consequence, excitation efficiency is 
improved as compared to Embodiments 3 to 5. increas- 
ing fluorescent intensity. From the above, by forming the 
metal film between the lowermost polymeric recording 

30 thin film 27 or 30 and the substrate 3, it is possible to 
obtain a recording medium further suited for high den- 
sity recording/reproducing. 

[Embodiment 7] 

35 

[0059] Fig. 8 is a schematic view representing a 
recording method to fade fluorescence of the phos- 
phors, at a particular region of the recording film 1, in 
the order readier to be photooxidized by fading light, 
40 among a plurality of phosphors contained in the record- 
ing film 1 . 

[0060] In order to fade fluorescence in the order of 
a phosphor readier to be photooxidized, varied is an illu- 
mination integrated light amount (hereinafter referred to 

45 as illumination amount) of fading light. Illumination 
amount is a product of illumination light intensity (here- 
inafter referred to as light intensity) and time. Also, the 
light 8 from the light source is directly given as fading 
light, differently from Embodiment 1. 

so [0061] Consideration is made on a case that a pol- 
ymeric recording film 1 contains three kinds of phos- 
phors D, E, F. The order of a phosphor readier to be 
photooxidized is given D, E, F. That is, the illumination 
amount if increased causes photooxidation in the order 

55 of from D, fading fluorescence. It is assumed that D, E 
and F are respectively, for example, rubrene, oxadiazole 
derivative (PBD) and tetraphenylbutadiene (TPB). The 
light source for fading light 8 uses a mercury lamp. 
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When the illumination amount is varied, fluorescence 
fades out in the order of rubrene, PBD and TPB. 
[0062] Similarly to Embodiment 1 , the microscopic 
aperture 50 with a size of a wavelength or smaller 
formed in the optical probe 5 is approached to the 
recording film 1 to a distance of the wavelength or 
shorter. The near-field light illumination region at this 
time is in almost a same size as the diameter of the 
microscopic aperture. The region illuminated by near- 
field light 51 is taken as a region III34. In the region 
III34, the illumination amount for fading fluorescence of 
the phosphor D is smaller than a threshold of an illumi- 
nation amount for fading fluorescence of the phosphors 
E, F but greater than a threshold of the phosphor D. 
Similarly, in a region IV35 the illumination amount for 
fading fluorescence of the phosphors D, E is smaller 
than a threshold of an illumination amount for fading flu- 
orescence of the phosphor F but greater than a thresh- 
old of the phosphors D, E. 

[0063] By controlling the illumination amount using 
near-field light 51, it is possible in the microscopic 
region to fade fluorescence of the three kinds of phos- 
phors 36 in the order of a phosphor readier to be pho- 
tooxidized, i.e. in the order of D, E and F. Consequently, 
multi-value recording for each bit is rendered feasible by 
the presence or absence of fluorescence on the phos- 
phor, similarly to Embodiment 1 . Note that, for the case 
of three kinds of phosphors, multi-valuing is possible in 
three combinations. Similarly, m combinations of multi- 
valuing is possible for m kinds of phosphors. Also, by 
using near-field light 51 through the microscopic aper- 
ture 50, each bit size can be made smaller than that of 
a case using the conventional optical system. 
[0064] In Embodiment 1 the wavelength of a fading 
light for fading fluorescence is determined correspond- 
ing to a phosphor. If the corresponding fading light 
wavelengths to two different phosphors are the same, it 
is impossible to fade only the florescence on one phos- 
phor. As compared to this, because the method of vary- 
ing the illumination amount of the present embodiment 
is not dependent upon a wavelength, this point can be 
avoided thus making possible multi-value recording 
even in a case of containing in the recording film 1 the 
phosphors that are same in fading light wavelength. 
[0065] Meanwhile, in Embodiment 1 , the apparatus 
is complicated because of using a wavelength select fil- 
ter and requires to vary the fading light wavelength in 
accordance with a phosphor on a recording-bit basis 
thus complicating the recording method. In the method 
of varying the illumination amount as in the present 
embodiment, it is satisfactory only to vary the illumina- 
tion amount on the recording -bit basis without requiring 
a wavelength select filter. Accordingly, it is easy to real- 
ize multi-valued high density recording. 
[0066] From the above, the use of a near-field light 
through a microscopic aperture can reduce one record- 
ing bit size as compared to the conventional optical sys- 
tem using a lens, enabling higher density recording than 



the conventional. Also, although in the conventional 
recording has been by binary values of 0, 1 for one 
recording bit, fluorescence of a plurality of kinds of 
phosphors contained in the thin film is faded in the order 
5 of a phosphor readier to be photooxidized due to fading 
light, whereby the information amount of one recording 
bit can be rendered multi-valued enabling higher density 
recording than the conventional. 

10 INDUSTRIAL APPLICABILITY 

[0067] As explained above, according to the 
present invention, the use of near-field light can reduce 
the size of one recording bit as compared to the conven- 

75 tional optical system using a lens, thus enabling higher 
density recording than the conventional. Also, although 
the conventional has been recording of binary values of 
0, 1 for one recording bit, among a plurality of kinds of 
phosphors a particular phosphor only is faded in fluo- 

20 rescence to record the presence or absence of fluores- 
cence, rendering the information amount on one 
recording bit multi-valued and enabling higher density 
recording than the conventional. 
[0068] Also, according to the present invention, the 

25 use of near -field light can reduce the size of one record- 
ing bit as compared to the conventional optical system 
using a lens, thus enabling higher density recording 
than the conventional. Also, although the conventional 
has been recording of binary values of 0, 1 for one 

30 recording bit, a near-field light having a corresponding 
wavelength to a particular phosphor among a plurality of 
kinds of phosphors is illuminated to fade fluorescence of 
the particular phosphor and record the presence or 
absence of fluorescence, thereby rendering the infor- 

35 mation amount on one recording bit multi-valued and 
enabling higher density recording than the conventional. 
[0069] Also, according to the present invention, the 
use of near-field light can reduce the size of one record- 
ing bit as compared to the conventional optical system 

40 using a lens, thus enabling higher density recording 
than the conventional. Also, when two kinds of phos- 
phors are same in light wavelength for fading fluores- 
cence, it is impossible to vary the wavelength to fade 
fluorescence of either one of them. However, because 

45 the method of changing the illumination amount is not 
dependent upon the wavelength, this point can be 
avoided. Even where using phosphors same in light 
wavelength to fade fluorescence, one phosphor can be 
faded in fluorescence. Also, because the method of 

so changing the illumination amount does not require a 
wavelength select filter, the apparatus can be simplified 
and the cost be reduced. 

[0070] Also, according to the present invention, 
although in the conventional the information has been 
55 binary values of 0. 1 for one recording bit, an arbitrary 
phosphor contained in the recording film is changed in 
fluorescence and the change is detected as a wave- 
length spectrum of the fluorescent light, enabling repro- 
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duction of multi-valued information. Also, the use of a 
near-field light could reproduce information from a 
microscopic region. As a result, the information 
recorded with higher density then that of the conven- 
tional become possible to reproduce. 
[0071] Also, according to the present invention, a 
recording medium is used which is characterized by 
forming thin films having at least one kind or more of 
phosphors on a substrate, thereby obtaining a recording 
medium for high density optical recording/reproducing. 
Furthermore, because the recording medium can be 
manufactured by a wet scheme, manufacture is possi- 
ble at low price. 

[0072] Also, according to the present invention, 
because phosphors are isolated, energy transfer 
between different phosphors is suppressed. It is possi- 
ble to obtain a recording medium for high density optical 
recording/reproducing which can obtain fluorescent 
light from each phosphor effectively. 
[0073] Also, according to the present invention, 
energy transfer is caused only between the phosphors 
to thereby increase excitation efficiency, increasing fluo- 
rescent efficiency and obtaining intense fluorescent 
light. It is possible to obtain a recording medium for high 
density optical recording/reproducing in which the S/N 
ratio increases during reproduction. 
[0074] Also, according to the present invention, the 
excitation light illuminated to a recording medium sur- 
face transmits through each thin film, and reflects on the 
metal film and again illuminates the thin film, improving 
excitation efficiency. Thus, a recording medium tor high 
density optical recording/reproducing can be obtained 
in which fluorescent light intensity increases. 
[0075] Also, according to the present invention, only 
a microscopic region of the recording medium can be 
illuminated by a near-field light. Using the near-field 
light, it is possible to fade fluorescence of the phosphors 
contained in the microscopic region of the recording 
medium, obtaining a high density optical recording 
apparatus. 

[0076] Also, according to the present invention, a 
high density optical reproducing apparatus can be 
obtained which illuminates a near-field light to a record- 
ing medium having at least one kind or more of phos- 
phors and microscopically faded in particular 
fluorescence of the phosphors to specify a fluorescent 
phosphor from an obtained spectrum. 

Claims 

1 . An optical recording method, characterized in that: 

a near-field light is illuminated to a recording 
medium having at least one kind or more of 
phosphors, to fade fluorescence of a particular 
phosphor in a microscopic region on said 
recording medium. 



2. An optical recording method, characterized in that: 

a near-field light having a corresponding wave- 
length to a particular phosphor is illuminated to 
5 a recording medium having at least one kind or 

more of phosphors, to fade fluorescence of 
said particular phosphor in a microscopic 
region on said recording medium. 

10 3. An optical recording method, characterized in that: 

a near-field light is illuminated to a recording 
medium having at least one kind or more of 
phosphors and said near-field light is changed 
75 in light amount, to fade fluorescence of said 

particular phosphor in a microscopic region on 
said recording medium. 

4. An optical reproducing method, characterized in 
20 that: 

a near-field light is illuminated to a recording 
medium having at least one kind or more of 
phosphors and recorded with data microscopi- 
25 cally by the presence or absence of fluores- 

cence on a particular one of said phosphors, to 
specify a fluorescent one of said phosphors 
from a spectrum obtained. 

30 5. A recording medium, characterized in that: 

a thin film containing at least one kind or more 
of phosphors is formed on a substrate. 

35 6. A recording medium, characterized in that: 

thin films having only one kind of phosphors 
are formed on a substrate depending on said 
kind of phosphors. 

40 

7. A recording medium according to claim 6, charac- 
terized in that an insulation film is formed between 
said thin films formed. 

45 8. A recording medium according to any one of claims 
5 to 7, characterized in that said substrate has a 
metal film on a side formed with said thin films. 

9. An optical recording apparatus, characterized by 
so comprising: 

a recording medium having phosphors, 
a head for producing a near-field light; 
an adjusting mechanism for adjusting a wave- 
55 length and/or a light amount of said near-field 

light; and 

an approaching mechanism to cause said 
recording medium and said head to approach. 
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10. An optical reproducing apparatus, comprising: 



a recording medium having phosphors; 

a head for producing a near-field light to excite 

said phosphors; 5 

a mechanism for specifying a fluorescent one 

of said phosphors from a fluorescent spectrum 

of said recording medium; and 

an approaching mechanism to cause said 

recording medium and said bead to approach. 10 
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